ABSTRACT. The objective of this study was to assess the effect of comprehensive exercise program widely accepted as a community-based physical intervention for the prevention of falling in the elderly persons on their controlling standing balance. Twenty-six community-dwelling elderly persons (13 males and females; 69.8 ± 2.8 years old) participated in this study. Daily exercise was comprised of walking for more than 30 min, stretching, muscle strengthening and balance exercise without exercise equipments. The intervention was continued for three months. Indicators of standing balance related to static balance, dynamic balance and postural response were measured before and after the intervention. As an effect of the intervention on static balance, the sway of center of pressure (COP) in the static stance significantly increased. In the dynamic balance, significant improvements were observed in one leg standing time, the 10-m gait time, functional reach. Additionally, the maximal movable length of COP which subjects can move voluntarily to right and left significantly increased. In the postural response, the integrated electromyography (IEMG) induced by postural response for sudden postural perturbation significantly decreased in the lower leg muscles. Since less muscular activities were sufficient to maintain posture, it was suggested that postural response was elicited more efficiently following the intervention. This study suggested that the comprehensive exercise program, which has been widely introduced as community-based interventions for the prevention of falling, have extensive effects on the control of standing balance covering static balance, dynamic balance and postural response in the elderly persons.
In recent years, falling has become the leading cause of injuries such as bone fractures in elderly persons, and can lead to their becoming bedridden or poor activities of daily living. Thus, various community-based activities have been introduced to prevent falling in elderly persons 1) .
Standing balance has been considered one of the important physical factors in falling. Therefore, any intervention that improves standing balance is an essential constituent of community-based interventions against falling 2) . Recent reports describe the efficiency of various exercises in the prevention of falling, such as muscle strengthening exercises, stretching of the muscles, dancing and Tai Chi Chuan 3, 4) . Standing balance has been classified into three hierarchical phases: static standing balance; dynamic standing balance; and postural response 5, 6) . Static balance indicates postural stability in the static stance. Dynamic balance indicates the ability to control posture during active motion; i.e., keeping the center of pressure (COP) of the body mass within the allowable area of the base of support. In controlling dynamic balance, anticipatory postural adjustments are required. Anticipatory adjustments of the posture prepare a person's balance prior to or parallel to postural disturbance induced by any subsequent voluntary motion which follows. Thus, it is important to note that dynamic balance depends on an anticipatory feed-forward adjustment of the posture [7] [8] [9] . When the COP deviates beyond the allowable area in standing balance, the postural response of the whole body is elicited to return the COP to within the controllable area of the base of support 10, 11) . When this postural response does not function adequately, falling is inevitable. The postural response is therefore the final response acting to prevent falls.
Prevailing community-based intervention in the form of physical activity for elderly persons usually consists of various exercises such as aerobic exercises, muscle strengthening exercises, stretching and balance exercises. Imposed exercise, as a form of intervention, is generally comprehensive rather than focal 12) . So it is important to precise the effect of such comprehensive exercises on various aspects of standing balance, a prime inner factor of falling in elderly persons. The objective of this study was to clarify the effects of community-based, long-term intervention in the elderly, in the form of comprehensive physical activity, on standing balance composed of static balance, dynamic balance and postural response. We assessed the efficacy of the comprehensive exercise prevailing in community-based interventions for the improvement of balance control in elderly persons through our intervention.
Methods

Subjects
The health-up model project scheduled by the All-J a p a n F e d e ra t io n of Na t io n a l He a l t h I n s u r a n c e Organization started in 2001. The main purpose of this project was to prevent adult disease by promoting physical exercise. Kake City in Hiroshima Prefecture, Japan, was recruited as one of the model cities for this project. At first, the project in Kake City was scheduled as a medical followup based on biochemical examinations concerning adult disease. However, the aging population of Kake City was so high that not only the prevention of adult disease but also the improvement of motor function in elderly persons was expected as an effect of physical exercise. So the health and social welfare department of Kake City offered our group kinesiological assessment to elucidate the contribution of their comprehensive intervention to motor function especially in the standing balance of elderly participants. Thus, our kinesiological study was designed as an additional portion of the health-up model project based on biochemical examinations.
A hundred and two elderly persons were recruited from community-dwelling elderly persons as participants in the intervention group of the health-up model project as in Table1A. A corresponding number of elderly persons were also recruited as non-intervention group for the medical assessment in biochemical examinations by other research group in the health-up model project. Thus, we did not follow non-intervention group in our study. The criteria for the recruitment of intervention and non-intervention group in the health-up model project were as follows: 1) age of the participants was from 65 to 79 years old; 2) the participants had to be able to walk safely without the need of support; 3) the participants had no symptom of motor paresis, sensory deficits, vertigo or uncorrectable visual defects. The recruitment was announced in a public relations magazine published by the health and social welfare department of Kake City. The 102 elderly persons (71.1 ± 4.7 years old) that served as the intervention group were composed of thirty-five males (72.4 ± 4.2 years old) and sixty-seven females (70.5 ± 4.9 years old) as shown in Table 1A and 1B. Respectively, twenty-six elderly persons consisting of thirteen males (69.8 ± 2.7 years old) and the same number of females (69.8 ± 2.8 years old) were selected randomly as the subjects of our study from each gender population of the elderly intervention group to assess the effect of intervention on kinesiological sites as shown in Table 1A and 1C. The 102 participants in the intervention group including the 26 subjects of our study attended the same physical intervention for three months. In this study, our group took charge of the kinesiological assessment of 26 subjects for the initial 3 months, respectively.
Since the ratio between male and female subjects finally recruited for this study was not identical to that in their parent population, the result of this study may not appreciate the effect of the intervention on the parent population. However, by avoiding unbalance in the ratio of gender of the subjects, it is possible to deduce the more general tendency of the intervention effect, regardless of the difference in gender. Participation described above was strictly voluntary. Informed consent was obtained, and subjects signed a document stating that they were not forced to participate and that they could cease participating at any time. All ethical processes concerning this study were accepted by a committee composed of members of Kake City, Kokuho Kake City Hospital and other outside committees.
Intervention in physical activities in elderly persons
The intervention of this study, overlapping that of the health-up model project constituted a twice-monthly meeting of subjects for group program and daily home exercises for three months. Subjects attended a group program held twice a month by health and social welfare workers, which was aimed at preventing falling. Three groups were made up of approximately 30 elderly persons. In this program, subjects practiced the exercises in Table 2 in the presence of an athletic trainer for one hour. The exercise program consisted of stretching, muscle strengthening, and balance exercises. Most exercises were performed slowly in a sitting or standing position while holding something for support. The light load of exercises was based on individual weight. As the home exercise, in addition to exercises III and IV in Table 2 , we asked subjects to walk for more than 30 min at their usual pace every day. Exercise regimens were continued for three months.
Subjects were asked to complete a questionnaire every day to determine whether they were actually carrying out these exercises. This questionnaire was checked at their next meeting with the athletic trainer. Days attended was divided by six (total days of the program) to calculate the attendance rate of a participant at the twice-monthly program. To calculate the degree of attainment of home exercise, the number of the days when a subject did the home exercise was divided by the number of total days for three months. The average attendance rate at the program was 94.5% and the degree of attainment of home exercise was on average 83.0%.
Measurement of standing balance
The following parameters concerning standing balance were measured to assess the effect of the physical activities before our intervention and once again three months later.
Static standing balance: In order to assess static standing balance, the COP was measured during static stance using a force plate (MG-100, ANIMA Co. Ltd., Tokyo, Japan). Subjects stood on the force plate with their eyes open and their arms relaxed at their sides, and the COP was measured for 30 sec just one time. The COP was also measured, in the same way, in subjects with their eyes closed just one time. The total length of the trajectory of COP (excursion of COP) was calculated, and the ratio of the length with eyes closed to that with eyes open was also calculated (Romberg's ratio).
Dynamic standing balance: It has been reported that the Berg Balance Scale (BBS) composed of 14 active movement tests correlates to the incidence of falling 13) . The score of each test of BBS is graded to four levels. However, the subjects in our study achieved an almost perfect score in every BBS test because the physical level of the subjects was too high to be evaluated by the four grades of BBS. We therefore selected the following tests from BBS that were easier to quantify: 1) one leg standing time (OLS) 13) and 2) functional reach 13, 14) . Additionally, we measured 3) the 10- A. Recruitment of subjects from community-dwelling elderly persons m gait time, 4) the maximal step length and 5) the timed up and go test (TUG) 15) . Conventionally OLS has been used in the category of static standing balance. However, OLS requires anticipatory postural adjustment prior to raising one leg 8) , and postural perturbation induced by raising one leg can trigger shortening of OLS in some cases. So it can be reasonable to place OLS into the category of dynamic balance. OLS and functional reach was measured according to the method of BBS 13) , although the imposed time in OLS was limited to 30 sec. In the measurement of the maximal step length, the vertical distance between the tip of the great toe of one foot and that of the opposite side was measured in maximal step. Just a time of OLS 13) , functional reach 13, 14) and the maximal step length were analyzed for right side respectively. Functional reach and the maximal step length were normalized for the height of the subject. 10-m gait time was measured at normal and fastest speed just one time. For measurement of the 10-m gait time, subjects were asked to walk once at their usual and at their fastest speed for 20 m. The time required to walk the intermediate 10 m was recorded as 10 m gait time. In the measurement of TUG 15) , the experimenter showed the subjects how to perform this process prior to the trial and asked them to do it as fast as possible followed by just one measurement. In addition, the voluntarily movable lengths of COP forwards, backwards, to the right and to the left were measured just one time for each direction. Subjects stood on the force plate (situated on our original platform for postural sway), and moved their COP to each direction as far as possible. The soles of their feet were placed in a specific position on the force plate during the measurement. As a marker of the foot positions, two linear lines were drawn on the force plate. The length between the starting points of the lines was 10 cm. Each line was inclined at 10 degrees to the fore direction. To reproduce the initial stance, subjects placed the center of each heel at the staring point of the line and each hallux on the line. The maximal movable length of COP to each direction was measured just one time.
Postural response: Postural sway was induced by foreaft horizontal perturbation of our original platform with a force plate as in the method of Nashner and Horak 10, 11) . Trials consisted of five forward and five backward perturbations of the platform (100 mm/sec, 50 mm in each direction). Prior to each perturbation, subjects were asked to place their soles according to the lines drawn on the force plate as mentioned above. Subjects looked at a fixed marker in front of them, and COP was monitored to be consistent with that of the initial stance in the previous trial. The sequences of trials were randomized, so that subjects could not anticipate the direction and onset of the next perturbation. There was a break of one minute between each trial. Forward postural sway induced by backward perturbation of the platform was extensively smaller compared with the reverse one due to the support by the foot length. Thus, we analyzed backward postural response induced by forward perturbation of the platform respectively.
Postural responses were assessed based on the analyses of COP and electromyography (EMG). Surface EMG was measured for the tibia anterior muscle (TA), rectus femoris muscle (RF), gastrocnemius muscle (GAS) and interior hamstrings muscle (HAM) of the right lower leg. Each subject was fitted with surface electrodes (Vitrode disposable electrodes; NIHON KODEN Co., Ltd., Tokyo, Japan) spaced 2 cm apart on each muscle. Impedance of the skin was adjusted so that it was lower than 5 kohm. EMG signals were filtered (time constant of low cut is 0.03 s and high cut is 200 Hz) and full-wave rectified using an amplifier (RMP-6004M; NIHON KODEN Co., Ltd., Tokyo, Japan). Excursion of the COP was also measured from force plate, without filtration. All EMG and COP data were sampled at 2 kHz using a PowerLab system (PowerLab/8 s, AD Instruments Japan Inc., Nagoya, Japan). From the COP data, maximal movement of the COP from the initial stance (COP excursion) and period required to reach maximal movement after the onset of perturbation of the platform (COP recovery time) were measured. In the EMG data, the integrated value of EMG (IEMG) for one second from the activation of the muscle was measured and normalized by that of a steady state in isometric maximal contraction.
All EMG and COP data were analyzed using waveanalyzing software (Chart v4.0.4; AD Instruments Japan Inc., Nagoya, Japan). An average value of five trials was calculated in each parameter regarding COP and EMG.
Statistical analysis
In this study, we assessed the effect of our program composed of physical activity on each category of standing balance, static balance, dynamic standing balance, and postural response 5, 6) by comparing the paired data between pre-and post-intervention. Thus, the statistical significance of differences in measured parameters before and after intervention was assessed using the paired t-test. A p value less than 0.05 indicated statistical significance. All data in Table 3 were shown in average ± standard deviation.
Results
Effect of intervention on static standing balance
Movements of COP both with eyes open and closed increased fo llowing interventio n u nexp ectedly. Furthermore, Romberg's ratio, which reflects dependency on visual feedback in static balance, decreased following the intervention (Table 3) .
Effect of intervention on dynamic standing balance
Many quantifiable items of dynamic standing balance were improved as a result of the intervention (Table 3 ). 10-m gait times both at normal and the fastest speed were significantly shortened following the intervention. Functional reach also significantly increased following the intervention. Furthermore, the movable length of COP increased significantly in lateral directions.
Effect of intervention on postural response
In the effects of intervention on postural response induced by forward perturbation of the platform (Table 3) , significant change was not detected in COP data, whereas IEMG of agonist muscles (TA and RF) and antagonist muscle (HAM) decreased following the intervention.
Discussion
Our results indicate that the intervention, in the form of comprehensive physical exercise, has effects on various aspects of standing balance in elderly persons covering static balance, dynamic balance and postural response.
While a randomized controlled trial is preferable to detect the effect of any intervention, this study is limited to elderly persons participating in the intervention. Additionally, the subjects of this study were limited to healthy elderly persons whose physical activity was relatively good as described in the recruitment of subjects and shown in the result of BBS. However, within such limitations, our results showed that the comprehensive exercises widely accepted in the program for elderly persons can affect multilaterally on controlling standing balance.
Effect of intervention on static standing balance
It has been widely accepted that the smaller the postural sway is, the better the static standing balance is. We, therefore, expected the decrease of postural sway in static stance following the intervention. Contrary to our expectation, movements of COP both with eyes open and closed increased following the intervention (Table 3) , suggesting the increase of postural sway in static stance as the result of intervention. A report 16) describes similar results to ours regarding the increased sway of COP as the result of physical exercises for the prevention of falling in elderly persons. Thus, we suppose that the increase of postural sway in static stance is, in fact, acquired function meaningful for controlling static balance as an effect of physical exercises. However, further studies are required to elucidate its physiological meaning.
Furthermore, Romberg's ratio, which reflects dependency on visual feedback in static balance, decreased following the intervention ( Table 3 ), suggesting that vestibular or somatosensory feedback came to be substituted for visual feedback in static stance through the intervention. We adopted exercises that focused on the plantar aspect of the foot as in exercise IV in Table. 2. It has been reported that such an approach to the plantar results in a n i n c r e a s e i n t h e s e n s i t i v i t y o f t h e p l a n t a r mechanoreceptors, making afferent input from such proprioceptive sensors more efficient 17) . We suggest that the introduction of such a plantar foot exercise may be contributed to the facilitation in the dependency of somatosensory feedback from the plantar foot.
Effect of intervention on dynamic standing balance
We found that many indicators of dynamic standing balance were improved following the intervention. Every indicator for dynamic standing balance in this study requires voluntary movements controlled by the higher central nervous system. These voluntary demands accompany anticipatory postural control, prior to or parallel to voluntary movements. These voluntary movements and complimentary anticipatory postural responses function as a feed forward system to control the COG [7] [8] [9] . Thus, we suppose that the physical exercises introduced in this study can facilitate in part such a feedforward system for the movement.
Previous reports suggest that functional reach is correlated to many indicators of standing balance and that it can be used as a predictive index of falling in the elderly 14) . Interestingly, functional reach was improved following our intervention. We should appreciate such effects on the items in dynamic standing balance, because falling in elderly persons occurs especially during their transfer 18) . Thus we speculate that our intervention may contribute to the prevention of falls in elderly persons.
Effect of intervention on postural response
In postural response (Table 3) , less muscular activity (IEMG) was sufficient to recover the same level of postural sway (COP excursion) following the intervention, which indicates that postural response became more efficient following the intervention. However, postural response is composed of several postural strategies like ankle strategy or hip strategy as described by Nashner and Horak 10, 11) . Thus, we can not rule out the possibility that such a modification as the recruitment of postural strategy is also affecting muscular activity (IEMG). Thus, to elucidate physiological meaning of the decreased IEMG in postural response, further EMG analyses based on the timing of muscular activation among lower leg muscles are required additional to the analyses of the amplitude of EMG.
Shimada and Uchiyama 19) report that targeted postural exercise has an effect on only a specific aspect of standing Wolf 20) . Gauchard 21) also compared the effects of proprioceptive and bioenergic physical activities on postural control. Bioenergic physical activities only improved muscular strength, whereas proprioceptive activities only improved postural control. These reports suggest that the knock-on effects of specific balance exercises may not be as expected, and that the introduction of a comprehensive program is required for improvements in total aspects of postural control. Our intervention comprised walking and a variety of physical exercises, including exercises stimulating proprioceptive receptors. The program actually affected extensive aspects of standing balance. The physical exercise introduced in our study consisted of daily walking and low-loaded bodily exercise comprising stretching, muscle strengthening and balance exercises. Furthermore, such program required no equipment or specific space for physical exercise. It is therefore useful as a community-based intervention. In fact, similar activities a r e w i d e l y a c c e p te d i n m a ny c o m m u ni t y -ba s e d interventions. This study suggests that the comprehensive exercise program widely accepted as community-based interventions in elderly persons are useful and efficient in improving standing balance extensively.
